Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 06-242602 
(43)Date of publication of application : 02.09.1994 



/c^utpi G03F 7/023 

(5 ' 1)lntCI - G03F 7/023 

H01L 21/027 



SHIN ETSU CHEM CO LTD 
OKAZAKI SATOSHI 
UMEMURA MITSUO 
KANBARA HIROSHI 
HATAKEYAMA JUN 
INUKAI TETSUYA 
NISHIKAWA KAZUHIRO 



(54) RESIST COMPOSITION 
(57)Abstract: 

PURPOSE: To provide the resist compsn. which is 
uniform in compsn. in the uniformly mingled state of a 
novolak resin and a photosensitive agent each other, 
can form a uniform resist film and is adequately usable 
as a positive type resist having high sensitive and high QH 
resolution and excellent heat resistance and residual film 
property. 

CONSTITUTION: This resist compsn. is formed by using 
the novolak resin which has 1 or >2 repeating unit 
expressed by the formula and in which 1 .2- 
naphthoquinone diazide sulfonyl groups are substd. for 
hydrogen atoms of the hydroxyl group of the novolak 
resin having 1000 to 10000 weight average mol.wt. in 
terms of polystyrene at 0.03 to 0.27mol ratio per 
hydrogen atom as an alkaline solvable resin and a photosensitive agent. In the formula, n 
denotes an integer from 1 to 4, m denotes an integer from 0 to 3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the resist constituent suitably used as a positive resist 
which made the principal component the novolak resin which had the performance of both an alkali 
fusibility resin and a sensitization agent, was excellent in homogeneity, are high sensitivity and high 
resolution and was excellent in thermal resistance and residual membrane nature. 
[0002] 

[Description of the Prior Art] Conventionally, the novolak system resist constituent has been prepared 
considering two components of a novolak resin and a sensitization agent as a principal component. 
However, in order to consider as the resist which was more excellent in high resolution at thermal 
resistance and residual membrane nature, and suited the wavelength of the light source of various 
exposure machines, much devices have been made from the field of both a novolak resin and a 
sensitization agent. If an example is given from the field of a novolak resin and average molecular 
weight of the novolak resin to compound will be made small, while the resolution as a resist improves, it 
will become a thing inferior to thermal resistance and residual membrane nature (BREAK THROUGH, 
the February, 1992 issue, 18 pages). Therefore, the technique of removing a low-molecular-weight 
novolak is proposed by processing of the reprecipitating method etc. in the compound novolak resin. 
Moreover, by the benzophenone system sensitization agent used conventionally, if an example is given 
from the field of a sensitization agent, when the light source of an exposure machine changes from g line 
to i line, since light comes to seldom penetrate the inside of a resist, the proposal of using the 
sensitization agent of the fewer non-benzophenone system of absorption by i line has been made (a 
Nikkei micro device, the April, 1992 issue, 45 pages). 

[0003] However, in order to combine such technique and to realize the resist of high resolution more, in 
the resist manufacturing process, many additional processes were needed, and there was disadvantage, 
such as leading to the cause of a cost rise. 
[0004] 

[Means for Solving the Problem and its Function] this invention person solves this conventional 
problem, and are high sensitivity and high resolution more advantageously. The result which examined 
wholeheartedly obtaining the resist constituent excellent in thermal resistance and residual membrane 
nature, It has 1 or two or more repeat units which are shown by the following formula (1). Polystyrene 
equivalent weight average molecular weight By using the novolak resin which replaced the hydrogen 
atom of the hydroxylation of the novolak resin whose (it is hereafter called Mw) are 1000-10000 with 1 
and 2-naphthoquinonediazide sulfonyl machine at a rate of 0.03-0.27 mols per hydrogen 1 atom While it 
is able for the novolak resin which introduced this 1 and 2-naphthoquinonediazide sulfonyl machine to 
act as an alkali fusibility resin and a sensitization agent, and to consider as an one-component-system 
resist constituent The resist constituent which made this novolak resin the principal component carried 
out the knowledge of giving the resist coat which was excellent in homogeneity and was excellent in 
high sensitivity and high resolution at thermal resistance and residual membrane nature. 
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[0005] 
[Formula2] 




((n shows the integer of 1-4.) However, m shows the integer of 0-3.) 

[0006] According to this invention, a resist coat which is called 1000-10000 in the polystyrene 
equivalent weight average molecular weight Mw and which was excellent in thermal resistance even if it 
did not put in additional processes, such as a low-molecular cut, in spite of having used the novolak 
resin of low molecular weight comparatively can be prepared. Since only the low-molecular component 
of the novolak resin which compounded the novolak resin directly when carrying out 2- 
naphthoquinonediazide sulfonic-acid partial esterification, 1 and is esterified preferentially and this 
serves as a sensitization agent, this is considered to have what carried out the low-molecular cut of the 
novolak resin which is a membrane formation component, and the effect more than equivalent. 
[0007] Furthermore, average molecular weight is small until it exposes in the resist constituent by this 
invention, since the novolak resin and the sensitization agent are united. Therefore, in spite of 
maintaining high resolution, by the azo coupling reaction at the time of development etc., after 
development can cause crosslinking reaction and can carry out macromolecule quantification. 
Consequently, the formed pattern has very high thermal resistance. Thus, in this invention, high 
resolution and thermal resistance are simultaneously realizable. 

[0008] Moreover, the mother nucleus of a sensitization agent is the novolak resin itself, and even if the 
wavelength of the various light sources changes, it does not need to change a sensitization agent. For 
this reason, it not only can manufacture high resolution and the resist constituent of high thermal 
resistance to a low cost at a simple process, but regardless of the wavelength of the light source of 
various exposure machines, it can offer a universal resist constituent. Furthermore, since it can consider 
as an one-component-system resist constituent, there is also no performance difference by the deflection 
of the novolak resin at the time of resist constituent manufacture and the compounding ratio of a 
sensitization agent, and stabilization of quality can be measured. 

[0009] Hereafter, if it explains in full detail, the resist constituent of this invention will have per this 
invention and also 1 shown by the following formula (1), or two or more repeat units, and the novolak 
resin which replaced the hydrogen atom of the hydroxyl group of the novolak resin whose polystyrene 
equivalent weight average molecular weight is 1000-10000 with 1 and 2-naphthoquinonediazide 
sulfonyl machine at a rate of 0.03-0.27 mols per hydrogen 1 atom will be used for it as an alkali 
fusibility resin and a sensitization agent. 
[0010] 
[Formula^] 




((n shows the integer of 1-4.) However, m shows the integer of 0-3.) 

[001 1] The novolak resin of the above-mentioned formula (1) can be obtained by carrying out the 
polycondensation of phenols and the aldehydes according to a conventional method. 
[0012] Although m-cresol, p-cresol, and its mixture are suitable for the phenols used here, they are not 
limited to these and a phenol, various isomer xylenols, various isomer trimethyl phenols, such mixture, 
etc. can also be used for them. 
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[0013] Moreover, although formaldehyde is suitable as aldehydes which carry out a poly condensation to 
these phenols, it is not limited to this and four or less-carbon number aldehydes, such as an 
acetaldehyde, a propyl aldehyde, and a butyraldehyde, and those mixture can also be used. The amount 
of these aldehydes used has desirable 0.3-1.5 mols to one mol of phenols, in order to set Mw of the 
novolak resin to generate to 1000-10000. 

[0014] Although the catalyst used in this polycondensation is an acid catalyst and is desirable, a 
hydrochloric acid, a nitric acid, a sulfuric acid, etc. can be used. [ of oxalic acid, an acetic acid, and a 
formic acid ] It is suitable for a reaction solvent to carry out a polycondensation at the temperature of 
50-150 degrees C using hydrophilic solvents, such as a methanol and a dioxane. After a 
polycondensation end, in order to remove an unreacted raw material and a catalyst, obtaining the 
novolak resin which carries out a reduced pressure strip at 130-250 degrees C, and serves as a raw 
material after carrying out a reduced pressure strip at 130-250 degrees C or extracting to solvents, such 
as ECA (ethylcellosolve acetate), after rinsing is recommended. 

[0015] Thus, the novolak resin obtained requires that Mw(s) should be 1000-10000. When Mw uses the 
novolak resin exceeding 10000, resolution and sensitivity fall and Mw is in the inclination for thermal 
resistance to be inferior, in a thing smaller than 1000. 

[0016] What replaced a part of hydrogen atom of the hydroxyl group of this novolak resin with 1 and 2- 
naphthoquinonediazide sulfonyl machine is used for this invention as an alkali fusibility resin and a 
sensitization agent. 

[0017] In this case, as 1, 1 used for introduction of 2-naphthoquinonediazide sulfonyl machine, and a 2- 
quinone diazide compound, a 1, 2-naphthoquinonediazide-4-sulfonate, 1, and 2-naphthoquinonediazide- 
5-sulfonate etc. is mentioned. At this time, 1 and 2-naphthoquinonediazide sulfonyl machine is replaced 
at a 0.03-0.27-mol % [ per hydrogen atom of the hydroxyl group of a novolak resin ] rate. In what was 
replaced exceeding 0.27-mol %, it is hard to melt into solvents, such as ECA, and preparation as a resist 
constituent cannot be performed. Moreover, in what was replaced fewer than 0.03-mol %, residual 
membrane nature is inferior, a pattern stops going out as a resist constituent, and it cannot be used. In 
addition, the conventional method of the partial esterification can be adopted as the partial esterification 
method with the above 1 and 2-quinone diazide compound. 

[0018] In this invention, although the novolak resin which introduced 1 and 2-naphthoquinonediazide 
sulfonyl machine in this way is used as a sensitization [ membrane formation material resin-cum-] agent, 
in the constituent of this invention, various compounding agents, such as a color, a pigment, and a 
surfactant, can be added further. Moreover, other sensitization agents can be blended as occasion 
demands. 

[0019] As a surfactant, although Fluorad FC-430, FC-431 (a tradename, Sumitomo 3M make), etc. are 
mentioned, below 2 weight sections of the loadings of this surfactant are desirable to the novolak-resin 
100 weight section which introduced 1 and 2-naphthoquinonediazide sulfonyl machine. 
[0020] Moreover, the constituent of this invention can dissolve the novolak resin which introduced 1 
and 2-naphthoquinonediazide sulfonyl machine in a solvent so that it may become 15-60 % of the 
weight, it can make the various above-mentioned compounding agents able to add if needed, and can be 
prepared. In this case, the solvent used is ECA. Although (ethylcellosolve acetate) is the most common 
and desirable, an ethylene glycol monomethyl ether, Ethylene glycol monoethyl ether, methyl-cellosolve 
acetate, The diethylene-glycol monomethyl ether, a diethylene glycol monoethyl ether, Propylene-glycol 
methyl-ether acetate, propylene-glycol propyl ether acetate, Solvents, such as ethyllactate, a methyl 
ethyl ketone, a cyclohexanone, 2-dihydroxy ethyl propionate, and a 2-hydroxy-2-methyl ethyl 
propionate, can also be used. 

[0021] In addition, it is made to dissolve in suitable concentration to be able to carry out according to a 
conventional method and obtain the thickness of a request of the above-mentioned component for 
example, by the spin applying method, and the resist constituent of this invention can be prepared by the 
method of filtering with the filter of about 0.2-0.5 micrometers of apertures. Moreover, the spin coat of 
this constituent is carried out to the silicon wafer which carried out hexamethyldisilazane steaming for 
example, using the auto coating machine, it is prebaked, the wafer which applied this photoresist is 
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exposed through a mask pattern, and methods, such as predetermined carrying out time development and 
carrying out rinsing dryness in tetramethylammonium hydroxide solution etc., can be adopted. 
[0022] 

[Example] Although a synthetic example, an example, and the example of comparison are shown and 
this invention is explained concretely hereafter, this invention is not restricted to the following example. 
[0023] [Synthetic examples 1-12] It is 64.9g (0.60 mols) of p-cresol to 3 mouth flask equipped with the 
synthetic agitator of a novolak resin, the capacitor, and the thermometer, m-cresol 43. 3g (0.40 mols), 
48. 7g (0.60 mols) of 37% weight formaldehyde solution, a polycondensation catalyst, and 0.30g 
(2.40xten - three mols) of oxalic acid 2 hydrates were taught, the flask was dipped in the oil bath, inside 
** was held at 100 degrees C, and the polycondensation was performed for 1 hour. After adding 500ml 
MIBK (methyl isobutyl ketone) after the reaction end and agitating for 30 minutes, the water layer was 
separated, it rinsed 5 times with 300ml pure water, and the product extracted by the MIBK layer was 
separated, subsequently, in the evaporator, the 150-degree C reduced pressure strip was performed by 
4mmHg, and novolak-resin A (87g) was obtained. 

[0024] Moreover, novolak-resin B-J was obtained like the above. Furthermore, novolak resins K and L 
were compounded for comparison. 

[0025] m-cresol / p-cresol ratio at the time of compounding the above-mentioned novolak-resin A-L, 
formalin / cresol ratio, and Mw are shown in Table 1 . 

[0026] In addition, measurement of Mw was performed using the GPC column (G-2000H62 G- 
3000H61 ** [ G-4000H61 ]) by TOSOH CORP. on conditions with a flow rate solvent [ a part for /and 
the elution solvent THF of 1.5ml ], and a column temperature of 40 degrees C. 
[0027] 
[Table 1] 
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[0028] [the synthetic examples 13-26] - 3 mouth flask which equipped with the agitator, the dropping 
funnel, and the thermometer under synthetic shading of 1 and 2-naphthoquinonediazide sulfonyl 
machine introduction novolak resin — novolak-resin A (OH equivalent 125) ~g [ 125 ] (one mol), 1, 2- 
naphthoquinonediazide-5-sulfonic-acid chlorideg [ 67 ] (0.25 mols) and 1, and 4-dioxane 300g and 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



12/10/2003 



Page 5 of 7 



methanol lOOg are taught, and it was made to dissolve, agitating for 1 hour It dipped into the water bath 
which prepared the flask at 25 degrees C, and triethylamine 26.5g (0.263 mols) was dropped so that 
inside ** might not exceed 30 degrees C. It was made to ripe after that for 1 hour, it poured in into 1500 
cc of decinormal hydrochloric-acid water, the supernatant was removed by the decantation, the sludge 
was extracted to 800g ethyl acetate, after rinsing and separating liquids, the reduced pressure strip was 
performed at 40 degrees C, and A'191g of 1 and 2-naphthoquinonediazide sulfonyl machine introduction 
novolak resins shown in Table 2 was obtained. 

[0029] Moreover, 1 and 2-naphthoquinonediazide sulfonyl machine introduction novolak-resin B' - T 
shown in Table 2 like the above was obtained. Furthermore, 1 and 2-naphthoquinonediazide sulfonyl 
machine introduction novolak-resin K' - N' shown in Table 2 for comparison was compounded. 
[0030] 
[Table 2] 
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[ft] ®: 1,2-^7 b*J>?TPV- 5 



[0031] [Examples 1-10 and examples 1-4 of comparison] After dissolving A'25g of products in 
ECA75g, it filtered by the membrane filter of a 0.2-micrometer aperture, and solution A" of the 
constituent of this invention was prepared. 

[0032] Next, on the 6 inch-raise in basic wages silicon wafer, the spinner was used, this was applied, the 
prebake was carried out for 90 seconds at 90 degrees C on the hot plate, the resist film with a thickness 
of 0.8 micrometers was formed, and it exposed by i line, and development and after carrying out a rinse, 
the optimal light exposure Eop of this resist film was evaluated. In addition, resist evaluation was 
exposed by NSR[ by NIKON CORP. ]-1755i7A (i line stepper of NA=0.50), evaluated the pattern by 
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Hitachi SEM and performed it. 

[0033] In this case, when it came to the proportion of 1 :1 in the bottom position of a line & space, in the 
optimal focal position, time was set as Eop by 5micromL/S. 

[0034] Moreover, the thermal resistance of a resist film was evaluated. In this case, heat-resistant data 
were judged by whether further, on the hot plate, it heats for 5 minutes at 130 degrees C, and after the 
pattern configuration of 5micromL/S heating, it is held. 

[0035] Moreover, constituent solution B" - J" was prepared like the example 1, and Eop and thermal 
resistance were evaluated. 

[0036] Furthermore, for comparison, constituent solution K" - N" was prepared like the example 1, and 
Eop and thermal resistance were evaluated. 

[0037] [Example 5 of comparison] 6g of admiration illuminant of the above-mentioned novolak-resin 
A20g and the following formula was dissolved in 70g ECA, the binary system resist solution was 
prepared, and Eop as a resist and thermal resistance were evaluated like the example 1 . 
[0038] 

[Formula 4] _ 




so 2 



The above result is shown in Table 3. 

[0039] 

[Table 3] 
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[0040] 

[Effect of the Invention] The resist constituents of this invention are high sensitivity and high resolution, 
and can be suitably used as a positive resist excellent in thermal resistance and residual membrane 
nature while a novolak resin and a sensitization agent are uniform to composition in the state where it 
was mixed uniformly and can form a uniform resist film. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The resist constituent characterized by using the novolak resin which has 1 or two or more 
repeat units which are shown by the following formula (1), and replaced the hydrogen atom of the 
hydroxyl group of the novolak resin whose polystyrene equivalent weight average molecular weight is 
1000-10000 with 1 and 2-naphthoquinonediazide sulfonyl machine at a rate of 0.03-0.27 mols per 
hydrogen 1 atom as an alkali fusibility resin and a sensitization agent. 
[Formula^] 




((n shows the integer of 1-4.) However, m shows the integer of 0-3.) 



[Translation done.] 
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